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Abstract 
In this review, we identify the key drivers that affect the intention to adopt Precision Agriculture (PA) technologies. Research 
articles concerning the adoption of PA were collected and subdivided into two groups: (1) ex-post assessments that make use of 
utility-based models, and (2) ex-ante assessments that make use of predictive models. Principal classes of constructs were 
identified and utilized to interpret what factors promoted the use of PA technologies by farmers. Three classes of drivers 
influencing PA adoption are presented. This review confirms the necessity to focus on the design of an appropriated adoption 
process and on innovation’s features. 
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1. Introduction  
The adoption of new technologies in agriculture is rarely immediate. Even though much effort is placed into in 
persuading users to adopt new ICT tools, adoption is a complex activity and many factors influence these decision-
making processes [1,2]. 
 
 
* Corresponding author. Tel.: +39-051-209-6432; fax: +39-051-209-6401. 
E-mail address: emanuele.pierpaoli2@unibo.it 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of The Hellenic Association for Information and Communication Technologies in Agriculture 
Food and Environment (HAICTA)
Open access under CC BY-NC-ND license. 
Open access under CC BY-NC-ND license. 
62   Emanuele Pierpaoli et al. /  Procedia Technology  8 ( 2013 )  61 – 69 
Precision Agriculture is a fairly new concept of farm management developed in mid-1980s and in this paper, in 
the term “technology” includes the complete set of tools available for PA management (also called Precision 
Farming). The framework of PA focuses on a concept of fit between different variables: according to Pierce & 
Nowak [3], PA provides the possibility to do the right thing, in the right place, in the right time and in the right way. 
Therefore, PA bases its applicability on the use of technologies to detect and decide what is “right” [4]. 
Many aspects of PA have been studied, focusing on: relevant technologies, environmental effects, economic 
outcomes, adoption rates and drivers of adoption and non-adoption. Many authors have confirmed the 
environmental and economic benefits derived from PA [5–7]. Nonetheless, a low rate of PA adoption is still 
reported by both academic surveys and professional reports [8–10]. 
The adoption of PA technologies has been analyzed in both an ex-post and ex-ante context. Ex-post studies have 
demonstrated the motives or reasons which have encouraged, and that are possibly still encouraging, farmers to 
adopt new PA technologies, while ex-ante studies have permitted the analysis of the acceptance of a new technology 
prior its introduction. While a complete review of ex-post papers has already been presented [11], a more holistic 
review combining both ex-ante and ex-post analysis has not yet been made available. 
Within the agricultural contest, the analysis of both ex-post and ex-ante studies is useful to interpret the choices 
made by farmers when having to engage with new technologies and their adoption thereof [12]. This paper aims to 
evaluate the drivers of PA adoption by combining and comparing ex-post and ex-ante studies to elucidate possible 
relations between the two, simultaneously providing a more holistic and complete overview of the subject matter.  
The paper is organized as follows: firstly, the methodology utilized in the review is presented; secondly, accounts 
of previous ex-post research on technology adoption is provided; then, ex-ante research is presented focusing in 
particular on the technology acceptance model in PA; finally, possible conclusions are provided. 
 
2. Data and Methods 
According to Harts [13], papers for this review were collected utilising different combinations of sets of 
keywords in Scopus, for example “Precision agriculture adoption”, “Technology adoption”, “Technology 
acceptance”, and “Agriculture”. More than one thousand papers and research outcomes were found. Then, research 
articles were filtered selecting only empirical studies published in peer-reviewed journals, and simultaneously 
excluding work focused only on policy, energy, and environmental issues. In the reading phase, a snowball approach 
was adopted enabling the search for other relevant papers. Eventually, 20 papers were selected and divided into two 
groups. Table 1 and Table 2 provide the list of the selected papers along with the details regarding data sources, 
sample sizes, and number of variables. The first group (Table 1) consists of articles evaluating PA adoption with an 
ex post approach, and thus considering the factors that have influenced adoption in groups of farmers that have 
already adopted a technology. The second group (Table 2) presents studies regarding the intention to adopt, and 
therefore the empirical setting of these papers consists of potential adopters of PA technologies. 
 
 
 
 
 
 
 
 
63 Emanuele Pierpaoli et al. /  Procedia Technology  8 ( 2013 )  61 – 69 
  Table 1. Ex-Post papers. 
Ex-Post Authors Reference Number Method Data source Sample Size N° Var. 
Daberkow and McBride, 1998 [14] Logit USDA’s 1996 ARMS 950 11 
Khanna, 2001 [15] Logit 2 Mail surveys 650+405 10; 11 
Fernandez-Cornejo, Daberkow, 
& McBride, 2002 [16] Tobit USDA’s 1998 ARMS 4040 7 
Roberts et al., 2002 [17] Logit Survey 284 10 
Daberkow and McBride, 2003 [18] Logit USDA’s 1998 ARMS 8429 11 
Roberts et al., 2004 [19] Probit Survey of cotton farmers 1131 10 
Torbett et al., 2007 [20] Logit Cotton farmers survey 1131 22 
Isgin et al., 2008 [21] Logit  Ohio PA survey 491 10 
Larson et al., 2008 [22] Logit Cotton producer survey 1215 11 
Walton et al., 2008 [23] Probit Cotton producer survey 827 13 
Reichardt and Jürgens, 2009 [24] Cross tabulation analysis Mail and telephone survey 6183 5 
D’Antoni et al., 2012 [25] Logit Mail survey to cotton farmers 1692 13 
Robertson et al., 2012 [26] Logit 4 surveys 1376 8 
 
  Table 2. Ex-Ante papers. 
Ex-Ante Authors Reference Number Method Data source Sample Size N° Var. 
Hite et al., 2002 [27] 
Partially 
censored probit 
model 
Telephone survey in 
Mississippi 762 15 
Hudson and Hite, 2003 [28] Factorial design Mail survey 423 14 
Adrian et al., 2005 [29] TAM and SEM Survey in Alabama Extension meetings 85 7 constructs 
Folorunso and Ogunseye, 2008 [30] 
TAM and 
Regression 
analysis 
Survey (Nigeria) 370 7 constructs 
Marra et al., 2010 [31] 
Dichotomous/Or
dered 
polychotomous 
choice model 
Probit/Logit 
approach 
Mail survey - Referendum 
contingent valuation 
approach 
743 7 constructs 
Rezaei-Moghaddam and Salehi, 
2010 [32] TAM and SEM 
Survey to agricultural 
specialists (Iran) 249 7 constructs 
Aubert et al., 2012 [33] Partial Least Squares (PLS) 
Survey to Quebec farm 
operators  438 15 constructs 
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3. Drivers of Adoption – Ex-Post 
This section reviews the group of papers presented in Table 1: the empirical settings include only farmers that 
have already adopted PA technologies. The drivers related to the intention of adopting new technologies in 
agriculture are presented, focusing on economic, sociological, environmental and entrepreneurial aspects (Fig. 1).  
The most important aspects influencing the adoption of PA technologies in the relevant literature were identified: 
farm size; costs reduction or higher revenues to acquire a positive benefit/cost ratio; total income; land tenure; 
farmers’ education; familiarity with computers; access to information (via extension services, service provider, 
technology sellers); location. The typical PA adopter is indeed depicted as an educated farmer, owner of a larger 
farm with a good soil quality, and aiming to implement more productive agricultural practice to face growing 
competitive pressures. The adopter perceives the advantages of PA in terms of profitability and prefers to hire 
consultants, although he is already confident with the use of computers [11].Farm size is the most frequently cited 
parameter affecting the use of new PA technologies. A farm can be defined as “large” if the total cultivable area is 
bigger than 500 hectares [5,34], confirming the economy-of-scale benefits related to the implementation of PA 
technologies (bigger is the size, greater is the intention to purchase PA technologies). According to the examined 
papers, adopter’s confidence with computers is the second most important driver affecting technology adoption. 
This factor embodies farmer’s technological skills and in many cases it is derived from previous experiences with 
others PA devices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Drivers of adoption - Ex-Post. 
 
A high level of farmer education, a high farm income and location are all mentioned in literature with the same 
frequency as equally important factors for technology adoption. All parameters can improve a farmer’s innovative 
capabilities through the acquisition of technological and entrepreneurial skills, as well as through the creation of a 
network of local relationships [35–37]. 
Farmer’s age has a variable effect on the decision to adopt PA tools [11]. In some cases, younger age was 
acknowledged as relevant for adoption as it possibly confers larger working horizons [22,23,25,34]. On the contrary, 
some authors remarked that the difference between the age of adopters and non-adopters is inconsistent, even if 
significant, [18]; finally, in some cases age is positively connected to the PA usage, therefore indicating that older 
farmers (over 50 years) are more likely to adopt new technologies [20].  
Other papers, not included in Tey and Brindal’s (2012) review, have also studied the adoption of PA technologies 
and can enrich the “adopter” profile with some new characteristics. In Europe, although farmers did not quantify 
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exactly the financial benefit obtained using PA, 50% did perceive benefits associated with “the reduced need of 
fertilizers” and “a better knowledge of the field” [24]. Another important result is that even the farmers who 
abandoned the use of PA are still optimistic about the profitability of precision agriculture in the future. Therefore, 
producers initially perceive considerable benefits associated with precision agriculture technologies; however the 
perception of value decreases as these technologies become increasingly routine and widespread [23]. Although in 
Europe research about PA adoption is less diffuse, evidences seems to support that younger (<50) and graduated 
farmers of larger companies are more inclined to use PA technologies [34], thus reaffirming the role of farm size 
and education in characterizing the potential PA technology user. However, small farms could become PA adopters 
thanks to contractors or cooperation [34]. 
 
4. Attitude to adopt – Ex-Ante 
Technology Acceptance Model (TAM) is an ex-ante theoretical model that is widely used to explain the process 
of adopting new technology [38–40]. It is a behavioural model derived from the Theory of Planned Behaviour 
[41,42], that attempts to identify and test the relevance of certain factors in influencing a potential user’s decision on 
how and when to utilise a new technology. Perceptual and attitudinal aspects of human behaviour are the core 
constructs of TAM methodology, with the focus of this approach directed towards the attitude to adopt or the 
intention to use technology. 
By excluding TAM and all the studies that had a predictive value from their review, Tey and Brindal [11] 
overlooked the analysis of important drivers for decisions, since the perception of a new technology affects the 
behaviour towards it and consequently the intention to purchase it [43,44]. 
Table 2 includes 7 papers identified as ex-ante studies. These predictive investigations reveal which drivers could 
affect the potential user’s behavior before a decision is made to use – or not to use – a new PA technology. Three 
papers focus on the willingness to pay [27,28,31]; while the other four are based on TAM [29,30,32,33], focusing on 
the attitude to use a new PA device, which is positively correlated to the intention to adopt [44,45]. 
Increasing profitability is the main motivation that stimulates the use of a new technology [27,29,30,30,32,33]. In 
the TAM approach, a construct named Perceived Usefulness (PU) engages with this specific issue as it is defined as 
“the degree to which a person believes that using a particular system would enhance his or her job performance” 
[39]. 
The necessity to integrate new technologies in current practices, while avoiding adaptation processes, is another 
important theme emerging from the predictive research. This issue can be associated with another specific TAM 
construct, named Perceived Ease of Use (PEU): “the degree to which a person believes that using a particular 
system would be free of effort” [39]. PEU can be influenced by other factors, such as education, previous 
experiences with other PA tools, the “early adopters” management style, and the availability of facilitating factors 
such as technical support or the possibility of a trial period with PA technology. These factors seem related, since a 
more educated person is more confident with, and more inclined towards the use of computer technologies (Adrian 
et al., 2005; Aubert et al., 2012; Hudson & Hite, 2003; Marra et al., 2010). Furthermore, the presence of experts 
about PA initiates a learning process, enabling potential users to become more aware and confident about PA tools, 
and thus promoting the perception of an “easy to use” technology [30,32]. PEU is a construct that has been 
thoroughly investigated over the time: it seems to be most influenced by factors represented by the “objective 
usability” of a technology and the “computer self efficacy” or “personal skills”, both a function of previous 
experience, education, external influence and support availability [29,30,43,46].  
The link between PEU, PU and Attitude to Adopt technologies shows variable patterns in literature: 
 
x In Adrian et al. [29], the three constructs do not influence each other directly. Only PU has an indirect effect on 
the Intention to Adopt, mediated by Perceived Net Benefit; 
x In Folorunso and Ogunseye [30],both PU and PEU affect the Attitude to Use, but the authors did not include the 
PEU-PU path; 
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x Rezaei-Moghaddam and Salehi [32] have verified that both PEU and PU have a direct effect on the Attitude to 
Use, but PEU has also an indirect effect (via PU) on the Attitude. Studies by Venkatesh [46] demonstrated 
congruent results; 
x In Aubert et al. [33], both PEU and PU directly affect the Adoption, while PEU has no direct effect on PU. 
 
In contrast to the seminal research conducted by Davis [39], 3 papers demonstrate that both PU and PEU have a 
significant effect on the Attitude to Use. This finding suggests that, in Precision Agriculture, the two features 
“Usefulness” and “Ease of Use” could be equally important in determining the success of a new PA technology. 
While Davis (1989) found that no amount of ease can compensate for a lack of usefulness, in converse a useful tool 
could be adopted even though it may not be so easy to use. In PA, a deficiency in one of the constructs is sufficient 
to negatively affect the potential users’ attitude towards adoption. The attitude to adopt a new PA technology is 
strongly affected by its costs, which can include a perception of both a high monetary cost or cost in the difficulty in 
the use of technology, which can induce a loss of a practitioner’s favour and impede PA diffusion. 
Finally, the attitude to adopt new PA technologies is positively correlated to the quality of soil and farm size. 
This supports findings that bigger and more profitable farms are more inclined to plan and invest money in new 
technologies, even in the current market situation [28,29,31]. 
Figure 2 summarizes the factors affecting the attitude to adopt a PA technology within three pre-selected 
construct classes – socio-demographic factors, competitive and contingent factors and financial resources. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Factors affecting attitude to adopt – Ex-Ante. 
 
5. Discussion and Conclusion 
The integration of ex-post and ex-ante approaches presents a symmetrical structure of factors that influence PA 
adoption, as shown in Figure 1. The presence of similar constructs confirms that TAMs can be a feasible method to 
understand the attitude of adoption. The initial situation in terms of attitude towards PA technologies present two 
groups of farmers. First, farmers who show a positive attitude towards the use of PA technologies represent the 
actual potential market for PA. Second, non-adopters represent the share of farmers that today constitutes the non-
market.  
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Non-adopters do not have sufficient skills and competences to manage PA tools, or lack of financial resources to 
purchase it. They have specific perceptions about Usefulness and Ease of Use of these technologies. However, these 
technologies are perceived as an improvement, enabling more efficient and effective farm performance. Moreover, 
their PU and PEU are influenced by different factors: a low cost device is considered useful, regardless of the fact 
that it may be a low performance tool, since it preserves its Ease of Use [47]. 
Farmers appreciate in-field demonstrations, free trials, support services related to the use of new technologies, as 
they promote the perception that the use of a technology is easy [22,30,34]. Moreover, the intrinsic simplicity of the 
new technology is fundamental to avoid an incompatibility among PA tools, and difficulties in simultaneously 
utilising and managing different technological devices [7,48]. 
Studies conducted using TAMs demonstrate that Usefulness and Ease of Use are central aspects for technology 
adoption, provided that these aspects do not cause a significant increase in the production cost. If so, it seems to be 
more effective to create a low performance tool with few “useful” characteristics in order to attain a lower purchase 
price [47,49],[50]. Literature refers to these situations in discussions regarding “disruptive innovations”, a definition 
that could apply even in agriculture [47,49]. An innovation become disruptive when it creates a new market where 
the product or service has a worse performance than the mainstream product, but becomes useful for people that 
were initially non-adopters of the mainstream product because of a lack of skills or money to use the old 
technologies. The weaker performing new technology could be useful by enabling non-adopters to do the same job 
saving time, energy, and money. In addition, an idea is disruptive if the process of development, production and 
distribution are innovative, aligning with the new values of the new market. Finally, a disruptive technology is 
usually targeted to low profit markets, providing an explanation as to why organizations with poor cost structures 
are able to take advantage of this low profit market. Big companies, in general, have a hierarchical governance, 
higher costs for R&D, high quality products and strive to attain high stakeholder profits; simultaneously, positioning 
their products towards their current customers to avoid market uncertainty [51]. These factors are not favourable for 
the realization of innovative and disruptive technology [47]. In order to be widespread among farmers, PA tools 
should be based on a low-cost and a low-performance technology. However, they must be useful enough to provide 
a benefit to the farmer, either through an improvement, by doing something easier or cheaper than before, or an 
innovation, something that was not previously done because of financial constraints or an incongruence between the 
technology and farmer’s skills. 
In conclusion, findings of this review suggest that a new small market should be created. Considering that the PA 
market is still small and in its juvenile stage, it offers a considerable opportunity for skilled people with knowledge 
of and expertise in this field. The specific features of the sector that have been described as weaknesses, with the 
correct know-how, can be turned into opportunities, and can furthermore be interpreted as an incentive to create 
small firms providing consultancy other than dimply the sale of technologies [52].  
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